Background: Colorectal cancer (CRC) is one of the most prevalent malignancies worldwide. Cofilin is a key regulatory protein in the dynamics of actin filaments. Previous studies have shown cofilin 1's major role in cell migration process and its role in tumor cell migration and invasion. Therefore, cofilin 1 may have the potential as a novel diagnostic tumor marker in various cancers. In this study, differential expression of CFL1 in CRC tissues in comparison with adjacent non-tumor tissues was investigated and the diagnostic value of this protein in CRC was evaluated.
Introduction
Colorectal cancer is the third and the fourth most prevalent cancer in women and men respectively and the fourth common cause of cancer death worldwide (1) (2) (3) . This cancer is one of the most common malignancies with over 1 million cases diagnosed and 700,000 deaths per year worldwide (1, 3) . Five-year survival rate among people in North America, Eastern Europe and Iran is 65%, 54% and 43% respectively with improved survival if detected at an earlier stage (3, 4) . Therefore, detection of useful biomarkers with high sensitivity and specificity is a key step in diagnosis and target therapies for colorectal cancer (5, 6) .
Cofilin belongs to the actin depolymerization factor ADF/cofilin family (7) , consisting of two muscle (CFL2) and non-muscle (CFL1) isoforms. CFL1 is a small ubiquitin protein with low molecular weight (~19 KDa) that involves in various functions in normal cells including cytokinesis, endocytosis, apoptosis and cell migration (8) (9) (10) (11) (12) (13) . Previous evidences suggest that cofilin 1 plays a major role in cell mobility. It is also reported that this protein is essential for invasion and metastasis of various human malignant solid (9, 10, 14) .
Tumor cell migration is essential for metastasis ability that is mediated by actin cytoskeleton (15) . CFL1 is one of the key regulatory proteins in this process that is involved in actin filaments polymerization and depolymerization in a PH-dependent manner during cell migration (15, 16) .
Overexpression of CFL1 has been reported in some malignancies including prostate cancer, lung cancer, breast cancer and ovarian cancer (8, (17) (18) (19) (20) which is generally associated with metastasis.
In present study, we analyzed CFL1 expression levels in colorectal cancer tissues in comparison with adjacent non-tumor tissues, and investigated the diagnostic and prognostic value of this protein in colorectal cancer.
Methods

Patient samples
Thirty pairs of colorectal cancerous and non-cancerous (≥4 cm away from tumor margins) biopsies were obtained from patients who had undergone curative resection at the Surgical Department of Imam-Reza Hospital (Tabriz, Iran) without prior chemotherapy or radiotherapy from 2013 to 2016. Specimens were transmitted to RNase free micro-tubes and were snap-frozen in liquid nitrogen before transferring to −80 ℃ freezers. Demographic and clinicopathological data including age, gender, location of tumor, tumor stage and smoking were recorded and TNM staging was performed according to American Joint Committee on Cancer (AJCC).
The Medical Ethics Committee of Imam-Reza Hospital approved the study and all patients provided written informed consent for the study (medical ethics number: tbzmed.irec.1394.517).
RNA preparation
Total RNA was extracted from colorectal tumor tissues and adjacent non-tumor tissues using Trizol reagent (Invitrogen) according to the manufacturer's instructions. RNA quality was assessed using Picodrop Spectrophotometer (Picodrop Ltd., Hinxton, UK).
To remove any probable DNA remained from RNA extraction procedure, RNA was treated with DNase I enzyme. In which 10 µL reaction contained 2 µg RNA, 1 µL (1 U) DNase I enzyme, 1 µL DNase I buffer (10×), 0.5 µL RNase inhibitor enzyme and DEPC-treated water.
The mixture was incubated at 37 ℃ for 30 min. After completion of the reaction, to inactivate DNase I enzyme, 1 µL of EDTA was added to the solution and incubated at 65 ℃ for 10 min.
cDNA synthesis
Reverse transcription polymerase chain reaction (RT-PCR) was performed to synthesize cDNA from prepared RNA. One µL dNTP mix (10 mM), 0.5 µL RT enzyme, 2 µL RT reaction buffer (5×), 0.5 µL oligo dT and 5.5 µL of RNA was incubated at 42 ℃ for 60 min. To inactivate the RT enzyme the solution was incubated at 85 ℃ for 5 minutes.
Real-time PCR
Light Cycler ® 96 Real-Time PCR (Roche Molecular Systems, Inc., Pleasanton, CA, USA) system was applied to quantify CFL1 quantity in final cDNA product using SYBR Green PCR Master Mix. Each reaction solution contained 1 µL mix of specific forward and reverse primers, 10 µL SYBER Green Real-Time PCR Master Mix, 8 µL ddH2O and 1 µL reverse transcription product. Amplification condition was as follows: initial denaturation at 94 ℃ for 30 seconds followed by 40 cycles of denaturation at 94 ℃ for 10 seconds, annealing at 58 ℃ for 20 seconds and extension at 72 ℃ for 20 seconds followed by a final elongation step for 2 min at 72 ℃. Primer sequences were as follows: CFL1 forward: 5'-TCTCGTCTTCTGCGGCTCTC-3'; CFL1 reverse: 5'-TCCAGGATGATGTTCTTCTTGTC-3'. Each sample was examined in triplicate and all results were normalized relative to glyceraldehyde phosphodehydrogenase (GAPDH) corresponding Cts. The quantified concentrations were reported as Ct values. The cycle number at which the generated fluorescence within a reaction crosses the threshold is considered as threshold cycle or Ct. CFL1 relative amount was calculated using the equation 2 −∆Ct where Ct values were detected by thermocycler as the cycle at which the fluorescence absorbed by system passed the threshold. ∆Ct = Ct CFL1 − Ct GAPDH
Statistical analysis
Statistical analyses were made using the SPSS 21 software (SPSS Inc.) and SigmaPlot 13 statistical software. All data were expressed as means ± standard deviation (SD). Differences in CFL1 expression levels between colorectal cancer tissues and adjacent non-tumor tissues were analyzed using t-test. The relationship between CFL1 expression and clinicopathological features was assessed using ANOVA and t-test for samples. Receiver operating characteristic (ROC) curve was used to measure the possibility of using CFL1 as a diagnostic biomarker for the detection of colorectal cancer. A P value less than 0.05 was designated for results to be statistically significant.
Results
Using real-time RT-PCR, the expression levels of CFL1 in 30 pairs of samples of colorectal cancerous and noncancerous tissues were analyzed. The analysis of results by SigmaPlot and SPSS softwares showed that expression of CFL1 was significantly higher in tumor tissue samples compared to their paired adjacent non-cancerous tissue samples (P<0.05) (Figure 1) . T h e r e l a t i o n b e t w e e n C F L 1 e x p r e s s i o n a n d clinicopathological features such as age, sex, stage, smoking and location of tumors were analyzed as well ( Table 1) . The data showed no significant correlation between CFL1 expression levels and clinicopathological characteristics of patients. The analysis by SigmaPlot software to evaluate CFL1 capability as colorectal cancer tumor marker showed the area under ROC curve was 0.85 and the sensitivity and specificity were 82% and 97% respectively ( Figure 2) indicating CFL1's potential as biomarker for this malignancy.
Discussion
Cofilin 1 is one of the important proteins responsible for cell migration process and plays a key role in the dynamics of actin filaments. Up-regulated actin cytoskeleton enhances tumor cell migration and invasion (21, 22) . Increased cofilin 1 expression has been reported in some malignancies including prostate, lung, breast and ovarian cancers (8, (17) (18) (19) (20) raising the possibility of CFL1 as a new molecular marker for some cancers.
Since colorectal cancer is the fourth common cause of cancer death worldwide (1-3), this detection would help early diagnosis of patients and might lead to better curative results. Involvement of CFL1 in cell migration and reported up-regulation of CFL1 in the mentioned cancers candidates this gene as a potential molecular biomarker for colorectal cancer. However, our survey in data resources showed no study concerning CFL1's correlation to colorectal cancer.
In the present study, using real-time PCR technique, the expression of CFL1 was investigated in 30 patients with colorectal cancer. The results demonstrated that the expression of cofilin 1 was significantly higher in colorectal cancerous tissue samples compared to their paired adjacent non-cancerous tissue samples. Moreover, the relation between CFL1 expression and clinicopathological features of colorectal cancer patients was analyzed. The results proved no correlation between CFL1 expression and clinicopathological parameters of patients. The findings were in agreement with previous studies. Wang et al. (5) reported that the expression of CFL1 is significantly higher in pancreatic tumor tissues compared to noncancerous tissues while cofilin-2 expression was clearly reduced in cancerous tissues. Therefore, cofilin isoforms may serve as a clinical biomarker for pancreatic cancer patients. In an experiment, Collazo et al. (23) demonstrated that the level of active CFL1 increased in mouse and human models of prostate tumor metastasis, however this upregulation was enhanced in metastatic samples. In another study, Zheng et al. (18) analyzed serum content of cofilin protein using enzyme-linked immunosorbent assay in patients with different stages of lung cancer and indicated that the level of serum cofilin increases in patients with lung cancer, especially in cases with advanced stages. Furthermore, Zhou et al. (17) showed that overexpression of cofilin 1 may result in increased progression of ovarian carcinoma. They demonstrated that targeting the activities in tumor cells adequately prevents invasiveness of cancer cells.
CFL1 serves actin filaments and regulates actin polymerization and depolymerization during cell migration (24, 25) . Moreover, Yamaguchi et al. and Wang et al. (14, 21) demonstrated cofilin's active role in tumor invasiveness and metastasis. In a study by Yamaguchi et al. (26) , it was found that suppression of cofilin 1 activity with small interfering RNA reduces invasiveness of carcinoma cells by reducing the assembly and stability of invadopodia. Another study by Lu et al. (8, 20) showed that cofilin 1 may specifically help to predict prostate cancer progression and CFL1 expression in prostate mesenchyme may be closely related to the tumor progression and metastasis to lymph nodes. Another study done by Steller et al. (27) demonstrated that CFL1 activation is essential for the formation of membrane protrusions through CD95 death receptor and increased tumor cell invasion. Also, Zhang and Tong (28) reported cofilin 1 upregulation in samples of breast cancer with stages T0-T1 and T2 and suggested CFL1 as potential target for cancer therapy.
In the present study, we evaluated the diagnostic value of CFL1 as colorectal cancer tumor marker and found the area under ROC curve was high (0.85) with the sensitivity and specificity of 85% and 97% respectively (Figure 2) .
In conclusion, the study confirmed that overexpression of CFL1 in samples of colorectal cancerous tissues compared to non-cancerous tissues, may play an important role as an oncogene in carcinogenesis of colorectal cancer. The findings support cofilin 1 as a novel diagnostic indicator in patients with colorectal cancer and suggests CFL1's capability as a potent molecular target in colorectal cancer medication.
